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Abstract 
The over consumption of fossil fuels leads to a series of problems, such as 
increasing of greenhouse gas emission, the deterioration of global climate, the 
depletion of fossil fuels and global economic problems. In response of this issue, the 
exploration of alternative renewable and sustainable energy production becomes a 
research hotspot. Among all of the renewable resources, biomass is the only one which 
contains carbon source to be converted into solid, liquid and gaseous products, and 
further into electricity, heat and transport fuels. Biomass, especially lignocellulose, is 
an important material for manufacturing renewable products. Biomass conversion to 
fuels and chemicals has drawn increasing global interests, which could reduce 
dependence on fossil fuels. The annual production of lignocellulosic biomass on land 
is reported to be approximately 172 billion tons. In recent years, tremendous efforts 
have been attempted on the degradation of lignocellulosic materials in order to release 
the solar energy stored in them. However, as one of the major barriers to the 
bioconversion of lignocellulosic materials, lignin can impede the hydrolysis of 
cellulose due to the fact that lignin always acts as a protective coat to make cellulose 
resistant to enzymatic digestion and thus limit its bioavailability. Most recently, some 
attempts have been tried to find effective methods to degrade lignin for value-added 
biofuels and chemicals production, including enzymatic degradation, alkali pyrolysis, 
hydrothermal conversion, electrochemical degradation, biological degradation, 
photocatalytic degradation, etc. Among them, photocatalysis is considered as an 
environmentally friendly and promising technology due to excellent merits such as 
clean, effective, energy-saving, and low cost. 
In this study, in order to utilize the solar light effectively, a new photocatalyst Ag-
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AgCl/ZnO nanorods was successfully prepared by a microwave assisted chemical 
precipitation and then deposition-precipitation-photoreduction method. The prepared 
photocatalysts, Ag-AgCl/ZnO nanorods were characterized by XRD, SEM, EDS, PL, 
and DRS. XRD results indicated that wurtzite ZnO with cubic AgCl and Ag particles 
existed in the prepared Ag-AgCl/ZnO. SEM result confirmed that the catalysts are 
composed of regular nanorods or rod-like particles. The optimal preparation condition 
was determined at pH 9 in distilled water and 40 min for UV light photoreduction of 
Ag (i.e. Ag40-AgCl/ZnO) by degradation of methyl orange. 91.5% of methyl orange 
can be degraded using Ag40-AgCl/ZnO as photocatalyst under solar light irradiation for 
30 min. This study focused on the feasibility of using Ag40-AgCl/ZnO to degrade lignin 
under natural solar light and then subsequent methane production with influencing 
factors such as solution pH, dosage of catalyst and initial lignin concentration being 
considered. •OH radicals were found to play the most important role in the 
photocatalytic process, and the new prepared catalyst possessed a stable photocatalytic 
activity after 7 cycles’ testing. Bioavailability of degraded lignin was also evaluated 
through batch methane fermentation experiments. The degraded lignin obtained after 
120 min photocatalysis showed positive effect on subsequent biogasification with 
methane and biogas yields of 184 mL/g-TOCremoved and 325 mL/g-TOCremoved, 
respectively, which were increased by 10.9% and 23.1% compared to the control. The 
present study provides a low-cost and environment-friendly pretreatment alternative for 
effective reclamation of lignin as substrate for biogas production. 
Ag40-AgCl/ZnO was used for the pretreatment of rice straw for biogas fermentation 
for the first time. The impact factors such as rice straw particle size, dosage of catalyst, 
rice straw concentration have been studied. Soluble total organic carbon (STOC) and 
soluble carbohydrates were determined and rice straw of 40 mesh size exhibited the 
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best result after 2 hours’ treatment. The optimal conditions for photocatalytic 
pretreatment in this study were 1 g/L photocatalyst and 10 g/L rice straw of 40 mesh 
size, and reaction time of 120 min. Rice straw after photocatalytic pretreatment with 
optimal conditions showed positive effect on anaerobic fermentation with methane 
yield 280 mL/g-VSremoved after 60 days’ biogasification, which was increased by 13.0 % 
compared to the untreated rice straw. The maximum daily methane production of 
pretreated rice straw and untreated rice straw were 12.88 mL/g-VSremoved and 10.44 
mL/g-VSremoved, respectively. However, methane production rate seemed to be delayed 
with photocatalytic pretreated rice straw, most probably due to the present of heavy 
metals such as Zn2+ and Ag+. The present study provides a facile and environment-
friendly pretreatment alternative for effective reclamation of rice straw as substrate for 
methane production.  
In future study, the effort would be focus on improving the photocatalytic 
pretreatment conditions to increase the methane yield and re-design the photocatalytic 
reactor to simplify the separation of photocatalyst and rice straw so as to reduce the 
influence of photocatalyst on anaerobic fermentation process. 
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